Rats were injected with iodoamphetamine synthesized and labeled with 1251 or with 1251-isopropylio doamphetamine, a molecule of established value for the determination of local cerebral blood flow, The blood ki netics, tissue distribution, and brain uptake index for each tracer exhibited practically no differences, Autora diographic quantification of the local cerebral blood flow, calculated according to the microsphere model, produced identical results for both molecules. However, compared with the values reported for other tracers, our values con-Winchell et al. (1980 a,b) studied 40 iodophenyl alkylamines labeled with 1 2 31 in rats with the aim of developing a tracer taken up in the brain. Of the substances studied, N-isopropyliodoamphetamine (IMP) was selected and proposed as a tracer for the measurement of local cerebral blood flow (LCBF) in rats and in humans . Recently, the method was compared to single photon emission tomography of inhaled 133Xe, the usual tracer for CBF measurement. Good agreement was found between the CBF assessed from the initial IMP distribution during the first lO IS min, and the 133Xe data .
Summary: Rats were injected with iodoamphetamine synthesized and labeled with 1251 or with 1251-isopropylio doamphetamine, a molecule of established value for the determination of local cerebral blood flow, The blood ki netics, tissue distribution, and brain uptake index for each tracer exhibited practically no differences, Autora diographic quantification of the local cerebral blood flow, calculated according to the microsphere model, produced identical results for both molecules. However, compared with the values reported for other tracers, our values con- Winchell et al. (1980 a,b ) studied 40 iodophenyl alkylamines labeled with 1 2 31 in rats with the aim of developing a tracer taken up in the brain. Of the substances studied, N-isopropyliodoamphetamine (IMP) was selected and proposed as a tracer for the measurement of local cerebral blood flow (LCBF) in rats and in humans . Recently, the method was compared to single photon emission tomography of inhaled 133Xe, the usual tracer for CBF measurement. Good agreement was found between the CBF assessed from the initial IMP distribution during the first lO IS min, and the 133Xe data .
After this period redistribution of the cerebral ra dioactivity was observed, possibly caused by the formation of a dealkylated derivative-iodoamphe tamine . Winchell et al. (1980a) also studied 1 2 31-iodoamphetamine uptake in rat brain and showed that the brain blood ratio was Address correspondence and reprint requests to Dr. Rapin at Laboratoire de Physiologie Cen:brovasculaire, CHU St. Antoine, F75012 Paris, France.
Abbreviations used: IMP, Isopropyliodoamphetamine; LCBF, local cerebral blood flow.
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stituted an underestimation of white matter blood flow and a more real estimation of hippocampal flow. It is concluded from the brain uptake of the derivatives of both amphetamines during the first minutes following their injection that these tracers can be used as a chemical microembolus for the measurement of local cerebral blood flow. Key Words: Autoradiography-Brain uptake index -lodoamphetamine -Isopropyliodoamphet amine-Local cerebral blood flow.
comparable with that for IMP. Furthermore, R iso mers showed somewhat higher brain activity than S isomers, both for iodoamphetamine and for IMP.
To evaluate iodoamphetamine as a tracer for re gional blood flow, we have previously synthesized the labeled compound . In the present report we compare the kinetics of iodoam phetamine and IMP and their autoradiographic dis tribution in the brain.
METHODS
Molecules 1251-p-Iodoamphetamine (R isomer) was synthesized by the Sandmeyer reaction from p-aminoamphetamine, in which the amino aliphatic group was protected by an easily hydrolyzable group [for details see Duterte et al. (1983) ]. The specific activity obtained was 120 mCilmmol, with a radiochemical purity of >96% with < 1 % free io dine. The radiochemical purity was assayed by thin-layer chromatography on silica gel (chloroform/ethyl acetate/ NH3,4: 1) and by high pressure liquid chromatography.
1251_IMP (racemic form) was synthesized and labeled with 1251 by exchange reaction (Rapin et aI., 1982) . The kit now produced by CEA ORIS renders the preparation of labeled IMP very easy. The specific activity was 20 mCi/mmol, and the radiochemical purity, which exceeded 96%, was assayed by thin-layer chromatography (chlo-roform/ethyl acetate, 4: 1) and by high pressure liquid chromatography.
Pharmacological studies
All experiments were performed in conscious male Wistar rats weighing 250 g, which had previously been chronically catheterized in the femoral artery and vein under chloral anesthesia. Each rat was given either 2 mgl kg iodoamphetamine or 12 mg/kg IMP, corresponding to 0.2 mCi. This dose ratio was chosen so as to produce the same effects on behaviour. In particular, the electroen cephalographic sleep pattern was abolished with both drugs, and a slight amphetamine-like effect was observed, with increased motor activity and the appearance of ro tational behaviour and sniffing. The specific activity of IMP, which was low compared with that used in experi ments on human subjects, was chosen so that the behav ioural effects of IMP would be similar to those of io doamphetamine.
Blood kinetics of iodoamphetamine and IMP
Arterial blood samples were taken and counted and the results for each drug were compared 15, 30, 45, 60, 75, 90, 105, 120, 150 , and 165 s and 3, 5, 10, and 15 min after intravenous injection of iodoamphetamine and IMP. In other experiments rats were killed 15 min, I h, and 24 h after iodoamphetamine and IMP injection. The following organs were rapidly removed, weighed wet, and their ra dioactivity counted: whole brain, thyroid, heart, lung, skin, spleen, stomach, gut, liver, kidney, and seminal ves icle. The brain uptake indexes for iodoamphetamine and IMP were determined in another group of rats according to Oldendorf (1970) freely diffusible cotracer. The animals were killed after 30 s.
Autoradiographic studies
A separate batch of rats was also given iodoamphe tamine or IMP and killed at 3 min or 1 h after the injec tion. Arterial blood samples were taken during the first minute after injection. Brains were rapidly removed and frozen in isopentane chilled to 70°C with liquid nitrogen. When completely frozen, they were coated with chilled embedding medium (Tissue Te k II, Lab Te ck products) and fixed to object holders appropriate for the Cryocut microtome. Brain slices, 20 fLm thick, were prepared at -18°C. Each slice was picked up on glass and placed sequentially in an X-ray cassette. Autoradiographs were obtained using LKB Ultrofilm with an exposure time of 10 days. The autoradiographs provided a pictorial rep resentation of the relative 1251 concentrations in the var ious cerebral structures. A calibration curve obtained from the 1251 standards deposited on the film permitted the establishment of the relationship between optical den sity and 1251 concentration and therefore the determina tion of the local tissue concentration. Local blood flow was determined for iodoamphetamine and IMP using the microsphere model according to Lear et al. (1982) .
RESULTS

Kinetic studies of radioactivity in blood and various organs
Following intravenous injection, arterial radio activity declined sharply during the first 5 min. The gross distribution of radioactivity in the var ious organs 15 min, 1 h, and 24 h after injection is shown in Ta bles 1 and 2. The target organs for io doamphetamine and IMP were lung, liver, skin, and brain. Thyroid uptake was very low, showing the virtual absence of free iodine. Fifteen minutes and 1 h after injection, the fractional uptake of iodoam phetamine in the lung was -30% less than the IMP uptake. For both substances the fractional uptake in brain was -3.5 % until 1 h after injection, with no significant difference between 15 min and 1 h.
After this time both substances were slowly elimi nated in the nine organs studied in addition to the lung and brain. The distribution of iodoamphe tamine and IMP was similar.
In the brain, the uptake index showed no differ ences between iodoamphetamine and IMP either, and there were no significant variations between the left and right sides ( Table 3) . The brain uptake index was calculated as the ratio of labeled agent to 1311-iodoantipyrine in the brain at 30 s after their injec tion divided by the corresponding ratio in the aliquot injected into the left or right carotid artery multiplied by 100. Values are means ± SEM (n = 5).
Autoradiographic studies of brain slices
Ta ble 4 gives the results of LCBF measurements after the injection of iodoamphetamine or IMP in conscious rats. Values were obtained from the au toradiographs ( Fig. 2a) . In most of the cerebral structures, practically the same flow values were found for iodoamphetamine and IMP 3 min after the iI1iection. The flow rate near the central lamina of the hippocampus was very high, as distinct from the flow rate in the corpus callosum, a white matter structure. For both tracers the ratio of the gray to white matter was -10. The autoradiographs ob tained 1 h after iodoamphetamine or IMP injection were roughly similar to the initial autoradiographs ( Fig. 2b) . However, the gray-to-white-matter ratio a According to Lear et al. (1982) . 
DISCUSSION
Both iodinated amphetamines studied were av idly taken up in the brain as a whole, as shown by the brain uptake index of 100% in relation to io doantipyrine. This finding agrees well with the re sults of other authors Lassen et aI., 1983) . The fractional brain uptake observed (3.2%) was high compared with the values usually reported in the literature with diffusible indicators or micro spheres (1.7-2%), indicating a higher ex traction in the brain than in most other organs. In fact, almost all the iodoamphetamine was taken up during the first blood passage, and the recirculating iodoamphetamine and IMP were preferentially taken up by the brain.
As mentioned earlier, IMP was recently shown to be a valid indicator of the CBF by Kuhl et al. (1982) who sampled many different regions in dog brain. Five minutes after injecting the IMP tracer, they found flow values very close to those they ob tained with microspheres. In the rat Lear et al. found identical rates after Xe and IMP.
In our study we found two differences as com pared with the usual results in the hippocampus and corpus callosum. In the case of the hippocampus, the high flow rate obtained for both tracers was probably the real value, because if the flow were low, it would be difficult to explain the large amount of iodoamphetamine found in this structure. In the corpus callosum, the flow rates for both tracers were probably underestimations. There are two possible explanations for this: First, half the tracer may already have been extracted from the blood by the time it reached the white matter, since most of this matter is supplied by small arteries that cross the gray matter first. Second, it is possible that the coefficients of both iodoamphetamine and IMP ex traction are low in the white matter.
We noted that the gray-to-white-matter ratio de creased with time for both tracers, as also reported by Lear et ai. (1982) and Lassen et ai. (1983) . The latter authors further observed a decrease in con trast over time when comparing one cortical area with another. On this basis they recommended that experiments not last for more than 1 h and prefer ably be limited to 10 or 15 min, a view we believe is justified by our results. The preferential retention in the lungs of both tracers, owing to their injection by intravenous bolus, admittedly impairs their in creased uptake in the brain and alters the time course of radioactivity distribution in this organ.
However, we hope that the investigations now in progress in our laboratory will help solve this problem.
The main result of the present study was the ob servation of almost identical behaviour by the two tracers. They both appear to be good indicators of LCBF during the first minutes after injection. This result is almost certainly due to their chemical sim ilarity. Furthermore, we have found that IMP is rap idly metabolized to iodoamphetamine in the brain (Rapin et aI., 1983) . The prolonged retention in the brain of the radioactivity injected as the isopropyl compound therefore implies that this iodoamphe tamine is also well retained, as shown in the present study. Which of the two derivatives available for CBF imaging is preferable? Both substances have amphetamine-like pharmacological effects. On a
